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(54) LED SURFACE LIGHT EMISSION DEVICE 

(57)Abstract 

PROBLEM TO BE SOLVED: To provide an LED light-emitting device capable of 
stably emitting a large quantity of light at all times while the heat generated at 
the LED is appropriately released. 

SOLUTION: A light-emitting diode chip 42 is placed on a diamond substrate 41. 
A similar effect can be obtained by covering the upper part of the substrate 41 
with a diamond cover 45 instead of forming the substrate 41 with diamond. 
Diamond has a very good heat conductivity while it is an insulator of electricity. 
So, even if the large LED chip 42 is placed or multiple LED chips 42 are 
provided in high density, the heat generated therefrom is dissipated from the 
substrate 41 or from the diamond cover 45 covering the upper part of it, 
preventing the temperature of the LED chip 42 from rising excessively. Thus, 
the light emission efficiency of the LED chip 42 is kept well while secular 
degradation of the LED chip 42 is prevented. 
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* NOTICES * 



JPO and NCI PI are not responsible for any 
dam ages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



[Claim(s)] 

[Claim 1] LED side luminescence equipment characterized by laying a light emitting diode chip on a 
diamond substrate. 

[Claim 2] LED side luminescence equipment characterized by covering the upper part of a substrate 
and a light emitting diode chip with diamond[ a diamond or ]-like carbon. 

[Claim 3] LED side luminescence equipment according to claim 1 or 2 characterized by laying two 
or more light emitting diode chips on the above-mentioned substrate. 

[Claim 4] LED side luminescence equipment according to claim 1 to 3 characterized by using an 
indium for the glue line between the above-mentioned substrate and a light emitting diode chip. 
[Claim 5] LED side luminescence equipment according to claim 1 to 4 characterized by light 
emitting diode being gallium nitride system light emitting diode. 

[Claim 6] The manufacture approach of the LED side luminescence equipment characterized by 
deleting the substrate of this light emitting diode chip after laying a feeder on a diamond substrate, 
and laying a light emitting diode chip so that an electrode may contact this feeder. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the luminescence equipment which used the light 
emitting diode (LED) chip, and the field luminescence equipment which laid two or more LED chips 
on the substrate especially. 
[0002] 

[Description of the Prior Art] By development of the gallium nitride system LED (GaN-LED) for 
which light can be emitted blue, use of LED as a lighting system is attracting attention. When it sees 
as a lighting system, as compared with the conventional lighting systems, such as an incandescent 
lamp and a fluorescent lamp, the gallium nitride system LED (a) Since long (b) energy efficiency of 
a component life is high to infinity practically soon and (e) component simple substance excellent 
(the tint of arbitration can be taken out) in (d) modulated light nature with high (c) luminous 
intensity with little thermal emission is very small, mounting in the configuration of arbitration is 
possible — etc. — it has many features. 

[0003] The gallium nitride system LED chip 10 has fundamentally the structure which carried out 
the laminating of the n-GaN negative-electrode layer 13 and the p-GaN positive-electrode layer 16 
on the substrates 1 1, such as sapphire, on both sides of the InxGal-xN barrier layer (luminous layer) 
14, as shown in drawing 1 . In addition, between a barrier layer 14 and the p-GaN layer 16, in order 
to suppress overflow of the electron from the n-GaN layer 13, the p-AlyGal-yN layer 15 (y is 
usually about 0.2) is formed in many cases. In addition, as a substrate 11, SiC (n-type 
semiconductor) and GaN (n-type semiconductor) which are a conductive substrate ingredient may be 
used besides sapphire. 

[0004] This LED chip 10 very thing is very small as mentioned above (e), and there is only at about 
0.3mm angle extent. However, in order to supply power to it, it is necessary to connect a suitable 
lead wire. Therefore, LED20 used now is enclosed with about about l-5mm the transparence resin or 
glass 21 which is the magnitude which is extent [ handling / extent ] as shown in drawing 2 (this is 
called a simple substance LED unit), the crowning of the enclosure section 21 - abbreviation - it 
has become hemispherical and an operation of the lens which converges the light from the LED chip 
10 on the predetermined range is achieved. Moreover, one pair of pins 22 are fixed to the opposite 
side, and they are connected to the two poles of the LED chip 10 inside. In addition, when acquiring 
the white light from blue LED, it is a wrap about a yellow fluorescent substance to the front face of 
the blue LED chip 10. 

[0005] Current and a gallium nitride system LED chip are produced by carrying out heteroepitaxial 
growth of the multilayer structure which consists of a gallium nitride system semi-conductor on the 
several cm - about tencm (several inches) substrate of magnitude by metal-organic chemical vapor 
deposition or the molecular beam epitaxy method, can be carved into 0.3mm each extent after 
growth, form an electrode in n mold and p mold conduction layer, and are mounted on the LED chip. 
Since properties, such as luminous efficiency of each LED chip and luminescence wavelength, vary 
with the crystallinity of a growth phase, a presentation ununiformity, etc., after measuring these 
many properties after LED chip production, the classification activity to each grade is usually done. 
[0006] 

[Problem(s) to be Solved by the Invention] In order to obtain the large quantity of light, arranging 
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many simple substance LED u^^20 as shown in drawing 2 two-dimens^^, and constituting field 
luminescence equipment is already widely used as an LED lighting panel. 

[0007] However, since the simple substance LED unit 20 which enclosed it to the magnitude of LED 
chip 10 the very thing being 0.3mm angle extent as above-mentioned has the about 100- time area, 
the degree of integration of the field luminescence equipment which arranged it will become quite 
low. therefore, the features that the luminous intensity of the above (c) is high — it cannot employ 
efficiently - luminescence equipment itself - ** — it will become a heavy high and thing. 
[0008] They are two-dimensional, or supply of power [ as opposed to them in becoming a problem 
when it is going to arrange densely in one dimension ] and the emission of heat generated from them 
about two or more LED chips. 

[0009] Both problems are related closely. That is, when using LED as not a signal but lighting, such 
as an ON/OFF display, and the power consumption of each LED chip itself becomes large, in using 
two or more them, the power consumption as the whole will also become considerable, dozens- 100 
which is specifically the power consumption of an incandescent lamp or a fluorescent lamp currently 
used for a current general one — it becomes W or more. Although a thin metal membrane will be 
prepared in a substrate front face by photolithography, printing, etc. at a Prior art when it is going to 
arrange much LED chips with a high degree of integration on the surface of a substrate, it is 
impossible to supply the big power of point ** in thin metal membrane wiring on such a substrate. 
[0010] Moreover, consuming such large power means that the energy of the considerable part is 
emitted as heat. At the maximum, in blue LED, in 15% and red LED, since the luminous efficiency 
of current LED is about 50%, when it uses magnitude of LED luminescence equipment as dozens of 
number - mm angle, heat dozens of W or more will generate it from the small area of only that. 
Therefore, LED luminescence equipment is unutilizable without taking into consideration the 
suitable cure against heat dissipation. 

[001 1] It is in accomplishing this invention in order to solve the technical problem about heat 
dissipation among these technical problems, and the purpose emitting appropriately the heat 
generated from LED, and offering the LED luminescence equipment which can always emit light 
with the large quantity of light stably. 

[0012] Moreover, there are the following problems about utilization of the aforementioned gallium 
nitride system LED chip. What is necessary is just to enlarge an LED chip size, since what is 
necessary is just to enlarge surface area of an illuminant in order to raise the luminescence 
reinforcement from an LED chip and to raise the application to power lighting. For example, if LED 
of a 3mm angle is used, it is expected that it is about 100 times as large as LED of a 0.3mm angle, 
and luminescence reinforcement is made. However, if the yield benefits dispersion in a property a 
problem and the LED chip of 0.3mm each extent also enlarges a chip size as mentioned above, the 
number of chips with a desired property (luminescence wavelength, effectiveness, homogeneity 
within a field) is not realistic from the field of economical efficiency in order to decrease 
remarkably. Therefore, many 0.3mm angles LED of the grade which has the emission spectrum 
property of an efficient request are prepared, and the direction which mounts it densely is excellent. 
And the LED white power lighting which has the spectrum distribution according to the purpose is 
realizable by mounting LED of two or more classes from which an emission spectrum differs. In this 
case, the electrical installation and heat dissipation nature between each LED serve as important 
requirements. 

[0013] This invention gives a suitable solution means also to the problem about utilization of this 

gallium nitride system LED chip. 

[0014] 

[Means for Solving the Problem] The LED side luminescence equipment concerning this invention 
accomplished in order to solve the above-mentioned technical problem is characterized by laying a 
light emitting diode chip on a diamond substrate. In addition, in addition to a diamond substrate, the 
effectiveness same as for a method of a wrap is acquired with diamondf a diamond or ]-like carbon 
in those upper parts instead of using a substrate as a diamond. 
[0015] 

[The gestalt and effectiveness] of implementation of invention A diamond has the features that 
thermal conductivity is very good, though it is an insulator electrically. Specifically, the thermal 
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conductivity of a diamond is the thermal conductivity of sapphire <^^uartz ] from 20 

W/cmK (setting all to 298K), and a single figure double figures to it of 0.1 - 0.2 W/cmK, and SiC, 
GaN and A1N being 1 .3 - 3 W/cmK. For this reason, whether it lays a big LED chip or arranges 
much LED chips to high density, the heat generated from there diffuses a substrate or the upper part 
promptly with wrap diamond covering, and the temperature of an LED chip does not rise too much. 
Thereby, while the luminous efficiency of an LED chip is maintained good, degradation of an LED 
chip with the passage of time can also be prevented. 

[0016] Although this invention does so effectiveness sufficient when the LED chip to lay is one 
piece, and the power consumption of the LED chip is large, the effectiveness will become more 
remarkable when two or more light emitting diodes are laid on a diamond substrate. 
[0017] Although it faced putting the gallium nitride system LED in practical use as a big lighting 
system and the problem of heat dissipation had become big hindrance as above-mentioned, the 
lighting system concerning this invention puts in prospective to the utilization. 

[0018] In order to assist the heat transfer by the substrate and/or up covering and to promote the heat 
dissipation from an LED chip further, it is desirable to use a metal with good thermal conductivity, 
such as silver, copper, gold, and platinum, for the ingredient of wiring for electric supply prepared on 
a substrate. 

[0019] Thus, with the LED side luminescence equipment concerning this invention, since an LED 
chip can be mounted by high density, it can use as a compact, and lightweight lightweight 
luminescence equipment and lighting system. For this reason, goggles, glasses, etc. become a thing 
suitable for the use as the working-level months (night the object for an operation, the object for 
transit, the object for nighttime works, working-level month in a cave, etc.) and the lighting system 
for leisure (night for fishing etc.) with which the body can be equipped always or for a long time, for 
example. Moreover, as use in which the advantage of being compact was harnessed, headlights, such 
as the light source for liquid crystal projectors and an automobile, etc. can be considered. 
[0020] 

[Example] The 1st example of this invention is shown in drawing 3 . The LED side luminescence 
equipment 30 of this example arranges much LED chips 32 two-dimensional on the diamond 
substrate 31. Each electrode pad of the adjoining LED chip 32 is connected by lead wire 33. As 
shown in drawing 3 (b), the heat (HEAT) generated with the LED chip 32 is transmitted to the 
diamond substrate 31 through a glue line 34, and is emitted outside from the base or side face of the 
diamond substrate 31. Thereby, an extremes-of-temperature rise of the LED chip 32 is prevented, 
and while the LED chip 22 can continue stable luminescence, the degradation with the passage of 
time is prevented certainly. 

[0021] Certainly, moreover, the glue line 34 between the diamond substrate 31 and the LED chip 32 
is efficient, and needs to perform heat transfer from the LED chip 32 to the diamond substrate 31. 
Therefore, it is desirable to use a metal with thermal conductivity sufficient moreover with sufficient 
compatibility for the both sides of sapphire 32a which is the substrate of a diamond and the LED 
chip 32 as a glue line 34. An indium, gold, tin, etc. can be mentioned as an example of such a metal. 
When using metals, such as an indium, as a glue line 34, the concrete approach is as follows. First, a 
glue line metal is vapor-deposited thinly (0. number - several micrometers) on the diamond substrate 
31, the LED chip 32 is carried on it, and it heats at about 200 degrees C. Thereby, an indium is fused 
and silicon-on-sapphire 32a of the diamond substrate 31 and the LED chip 32 pastes it up with high 
temperature transmissibility. 

[0022] In addition, also when the LED chip 32 uses conductive ingredients, such as not sapphire but 
SiC (n-type semiconductor), and GaN (n-type semiconductor), as substrate 32a, it can consider as the 
same configuration as the above fundamentally. In this case, rather than sapphire, since the heat 
conductivity is good for whether you are Haruka, a conductive ceramic can heighten the heat 
dissipation effectiveness more, and can raise the packaging density of the LED chip 32. 
[0023] The 2nd example of this invention is shown in drawing 4 . The LED side luminescence 
equipment 40 of this example covers all the LED chips 42 that have the same structure as the 1st 
example of the above upwards, and were laid on the substrate 41 with the covering 45 of a diamond 
(diamond[ a polycrystal diamond or ]-like carbon). 

[0024] It is mainly from barrier layer 42b that heat occurs in the LED chip 42. Therefore, by 
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covering the LED chip 42 whJ^ith the diamond covering 45 with the Jftdent heat conductivity 
like this example, the heat generated in barrier layer 42b is absorbed by the direct diamond covering 
45, is transmitted to the diamond substrate 41 through a glue line 44 from the exterior and the 
diamond covering 45 from the diamond covering 45, and is emitted outside. The thereby more high 
heat dissipation effectiveness is acquired, it can be more high-density and the LED chip 42 can be 
mounted now. 

[0025] Although a hole is made in the diamond covering 45 and direct continuation of the lead wire 
is carried out to the electrode pad of each LED chip 42 in drawing 4 , conductivity and the heat 
conductivity may place the block of high copper beforehand on an electrode pad, after covering with 
the diamond covering 45 from on the, a hole may be made there, and lead wire may be connected. Or 
only diamond covering 45 of the part on the electrode pad of each LED chip 42 can also be used as 
the boron dope diamond which has conductivity. 

[0026] The 3rd example of this invention is shown in drawing 5 . The LED side luminescence 
equipment 50 of this example forms the electric supply wiring 53 which connects between the LED 
chips 52 on the diamond substrate 51. Therefore, contrary to the above-mentioned example, as 
shown in drawing 5 (a), an LED chip is laid on a substrate 51 so that electrode pad 52c may become 
the bottom. In addition, between electrode pad 52c of the LED chip 52, and the electric supply 
wiring 53, the same glue line 54 as the above is formed. 

[0027] In addition, you may make it cover the LED chip 52 whole with covering of a diamond 
(diamond[ a polycrystal diamond or ]-like carbon) like the 2nd example also in this example (not 
shown). In this case, if it is made to cover with diamond covering after deleting silicon-on-sapphire 
52a of the LED chip 52 used as the bottom by laser etc. further (lift off), the heat dissipation 
effectiveness can be heightened more. 

[0028] As the diamond substrates 31, 41, and 51 or diamond covering 45, although the single crystal 
from the point of thermal conductivity is desirable, when thinking cost as important, polycrystal is 
sufficient. Anyway, even if it compares the thermal conductivity with 20 W/cmK extent and it of 
conductive ceramics, such as SiC, GaN, and A1N, it is high a single figure. About covering 45, 
diamond-like carbon (DLC) is sufficient. 

[0029] The diamond substrates 31, 41, and 51 and the diamond covering 45 can be grown up by 
CVD by making hydrocarbon gas, such as hydrogen and methane, discharge around 800 degrees C. 
In addition, since the growth temperature of the nitride semi-conductor LED is about 1000 degrees 
C, generation of the diamond covering 45 can be performed satisfactory. In the case of diamond-like 
carbon (DLC), hydrocarbon gas is introduced into a reaction chamber by ordinary pressure, it holds 
substrate temperature at about dozens of degrees C, and forms membranes by arc discharge. In 
addition, the ion beam depositing method can also be used. 

[0030] The 4th example of this invention is shown in drawing 6 . The LED side luminescence 
equipment 60 of this example arranges the LED chip 61 which used conductive substrates, such as 
SiC (n-type semiconductor) and GaN (n-type semiconductor), in all directions, and sandwiches the 
upper and lower sides with the diamond substrate 62. In order that heat may diffuse from the up-and- 
down diamond substrate 62, the higher heat dissipation effectiveness is acquired. In addition, wiring 
63 may be arranged on the front face of the up-and-down diamond substrate 62, as shown in drawing 
6 (b), but it is good to use one side as a transparent electrode, or to arrange an electrode surface with 
an one direction like drawing 5 (b) so that luminescence from the LED chip 61 may not be barred as 
much as possible. 

[0031] As mentioned above, in [ any ] the case of an example, since the LED side luminescence 
equipments 30, 40, and 50 have a means to make the heat generated with the LED chips 32, 42, and 
52 emit outside, they can narrow the clearance d between the contiguity LED chips 32 and 42 and 
52, and d' ( drawing 3 (a)) to 0.3-lmm almost comparable as the magnitude of the LED chips 32, 42, 
and 52. Although the array of such high density was impossible in the conventional simple substance 
LED unit 20 ( drawing 2 ), it can consider as the light source of very high brightness by high density 
arrangement of much LED chips 32, 42, and 52 with the LED luminescence equipment concerning 
this invention. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
dam ages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] The outline block diagram of a gallium nitride system LED chip. 
[Drawing 2] The block diagram of a shell mold simple substance LED unit. 

[Drawing 3] The top view (a) and sectional view (b) of LED luminescence equipment which are the 
1 st example of this invention. 

[Drawing 4] The outline block diagram of the LED luminescence equipment with diamond covering 
which is the 2nd example of this invention. 

[Drawing 5] The top view (a) and expanded sectional view (b) of substrate wiring form LED 
luminescence equipment which are the 3rd example of this invention. 

[Drawing 6] The top view (a) and sectional view (b) of sandwiches form LED luminescence 
equipment which are the 4th example of this invention. 
[Description of Notations] 

30, 40, 50, 60 — LED side luminescence equipment 

31, 41, 51, 61 — Diamond substrate 

32, 42, 52, 62 — LED chip 

Silicon on sapphire of 32a, 42a, and 52 a~LED chip 

The barrier layer of 42 b-LED chip 

The electrode pad of 52 c-LED chip 

33 — Lead wire 

34, 44, 54 - Glue line 

45 ~ Diamond covering 

53 — Electric supply wiring 

54 — Glue line 
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[Drawing 5] 
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